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(54) Low temperature system and method for CVD copper removal 



(57) A method of using diluted nitric acid and an 
edge bead removal tool to remove copper from the pe- 
rimeter of a semiconductor wafer is provided. In one 
method, sensitive areas of the wafer are covered with 
photoresist, and the wafer perimeter cleared of photore- 
sist, before the acid is applied In another method, sen- 
sitive areas of the wafer are protected with water spray 
as the copper etchant is applied. In a third method, the 
nitric acid is applied to clear the wafer perimeter of cop- 



per before a chemical mechanical polishing (CMP) is 
performed on the layer of deposited copper. The excess 
thickness of copper protects copper interconnection 
structures from reacting with the copper etchant. All 
these methods permit copper to be removed at a low 
enough temperature that copper oxides are not formed. 
A semiconductor wafer cleaned of copper in accordance 
with the above-described method, and a system for low 
temperature copper removal is also provided. 
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Description 

Background and Summary of the Invention 

[0001] This invention relates generally to integrated s 
circuit (IC) processes and fabrication, and more partic- 
ularly, a system and method for the low temperature 
cleaning of copper contaminants from an IC wafer which 
prevents the formation of copper oxides. 
[0002] The demand for progressively smaller, less ex- io 
pensive, and more powerful electronic products, in turn, 
fuels the need for smaller geometry integrated circuits, 
and large substrates, ft also creates a demand for a 
denser packaging of circuits onto IC substrates. The de- 
sire for smaller geometry IC circuits requires that the in- * 5 
terconnections between components and dielectric lay- 
ers be as small as possible. Therefore, research contin- 
ues into reducing the width of via interconnects and con- 
necting lines. The conductivity of the interconnects is 
reduced as the surface area of the interconnect is re- 20 
duced, and the resulting increase in interconnect resis- 
tivity has become an obstacle in IC design. Conductors 
having high resistivity create conduction paths with high 
impedance and large propagation delays. These prob- 
lems result in unreliable signal timing, unreliable voltage 25 
levels, and lengthy signal delays between components 
in the IC. Propagation discontinuities also result from 
intersecting conduction surfaces that are poorly con- 
nected, or from the joining of conductors having highly 
different impedance characteristics. 30 
[0003] There is a need for interconnects and vias to 
have both low resistivity, and the ability to withstand vol- 
atile process environments. Aluminum and tungsten 
metals are often used in the production of integrated cir- 
cuits for making interconnections or vias between elec- 35 
trically active areas. These metals are popular because 
they are easy to use in a production environment, unlike 
copper which requires special handling. 
[0004] Copper (Cu) is a natural choice to replace alu- 
minum in the effort to reduce the size of lines and vias 40 
in an electrical circuit. The conductivity of copper is ap- 
proximately twice that of aluminum and over three times 
that of tungsten. As a result, the same current can be , 
carried through a copper line having half the width of an 
aluminum line. 45 
[0005] The electromtgration characteristics of copper 
are also much superior to those of aluminum. Aluminum 
is approximately ten times more susceptible than cop- 
per to degradation and breakage through electromigra- 
tion. As a result, a copper line, even one having a much so 
smaller cross-section than an aluminum line, is better 
able to maintain electrical integrity. 
[0006] There have been problems associated with the 
use of copper, however, in IC processing. Copper con- 
taminates many of the materials used in IC processes 55 
and, therefore, care must be taken to keep copper, from 
migrating. Various means have been suggested to deal 
with the problem of copper diffusion into integrated cir- 
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cuit material. Several materials, particularly refractory -; 
metals, have been suggested for use as barriers to pre- 
vent the copper diffusion process. Tungsten, molybde- 
num, and titanium nitride (TiN) are examples of refrac- 
tory metals which may be suitable for use as copper dif- 
fusion barriers. However, the adhesion of copper to 
these diffusion barrier materials has been an IC process 
problem, and the electrical conductivity of such materi- 
als is an issue in building IC interconnects. 
[0007] Metal cannot be deposited onto substrates, or 
into vias, using conventional metal deposition process- 
es, such as sputtering, when the geometries of the se- 
lected IC features are small. It is impractical to sputter 
metal, either aluminum or copper, to fill small diameter 
vias, since the gap filling capability is poor. To deposit 
copper, various chemical vapor deposition (CVD) tech- 
niques are under development in the industry. 
[0008] In a typical CVD process, copper is combined 
with an organic ligand to make a volatile copper com- 
pound or precursor. That is, copper is incorporated into 
a compound that is easily vaporized into a gas. Selected 
surfaces of an integrated circuit, such as diffusion bar- 
rier material, are exposed to the copper containing gas 
in an elevated temperature environment. When the vol- 
atile copper gas compound decomposes, copper is left 
behind on the heated selected surface. Several copper 
compounds are available for use with the CVD process. 
[0009] Connections between metal levels, such as 
copper, which are separated by dielectric interlevels, are 
typically formed with a damascene method of via forma- 
tion between metal levels. The underlying copper film is 
first completely covered with the dielectric, a typical di- 
electric is silicon dioxide. A patterned photoresist profile 
is then formed over the dielectric. The resist profile has 
an opening, or hole, in the photoresist corresponding to 
the area in the dielectric where the via is to be formed. 
Other areas of the dielectric to be left in place are cov- 
ered with photoresist. The dielectric not covered with 
photoresist is then etched to remove oxide underlying 
the hole in the photoresist. The photoresist is then 
stripped away. A thin film of copper, or some other me- 
tallic material, is then used to fill the via. A layer consist- 
ing of dielectric with a copper via through it now overlies 
the copper film. The excess copper remaining is re- 
moved with a chemical mechanical polish (CMP) proc- 
ess, as is well known in the art. The result is an "inlaid" 
or damascene structure. 

[0010] Even when circuit structures are masked to 
prevent copper deposition, or undesired copper is re- 
moved in CMP process, copper may remain on the edg- 
es and sides of the wafer where no ICs or circuits are 
located, as a result of CVD and CMP processes. Copper 
may migrate to neighboring active regions from the 
sides and edges of the wafer. Further, copper from a 
wafer edge may contaminate the wafer transport sys- 
tem, and so be passed on to contaminate other wafers. 
For this reason it is important to clean the wafers of cop- 
per residues following each copper process step. Plas- 
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ma etching process using CL and F have also been 
tried, but the heat generated and by-products have 
made such a method impractical. 
[0011] A co-pending application, Serial No. 
08/71 7,31 5, filed September 20, 1 996, entitled, "Copper 
Adhered to a Diffusion Barrier Surface and Method for 
Same", invented by Lawrence J. Charneski and Tue 
Nguyen, Attorney Docket No. SMT 243, which is as- 
signed to the same Assignees as the jnstant patent, dis- 
closes a method for using a variety of reactive gas spe- 
cies to improve copper adhesion without forming an ox- 
ide layer over the diffusion barrier. However, the focus 
of this patent is to improve copper adhesion, not to re- 
move copper. In addition, the method of the above pat- 
ent is generally only applicable to diffusion barrier ma- 
terial. 

[0012] Another co-pending application, Serial No. 
08/729,567, filed October 11, 1996, entitled, "Chemical 
Vapor Deposition of Copper on an ION Prepared Con- 
ductive Surface and Method for Same," invented by 
Nguyen and Maa, Attorney Docket No. 114, which is as- 
signed to the same Assignees as the instant patent, dis- 
closes a method of preparing a conductive surface, such 
as copper, with an exposure to the ions of an inert gas 
to improve electrical conductivity between a conductive 
surface and a subsequent deposition of copper. How- 
ever, the primary purpose of this invention is to prepare 
a conductive surface that is substantially free of by-prod- 
ucts and IC process debris. 

[0013] Another co-pending application, Serial No. 
08/861,808, filed May 22, 1997, entitled, "System and 
Method of Selectively Clearing Copper Substrates Sur- 
faces, In-Situ, to Remove Copper Oxides," invented by 
Nguyen et al., Attorney Docket No. 219, which is as- 
signed to the same Assignees as the instant patent, dis- 
closes a method of preparing a copper surface with an 
exposure to Hhfac to remove copper oxides. However, 
the primary purpose of this invention is to remove cop- 
per oxides after they are formed, not to prevent the for- 
mation of copper oxides. 

[001 4] It would be advantageous to employ a method 
of cleaning a copper IC substrate surface while minimal- 
ly causing the formation of copper oxide products in the 
process. 

[001 S] It would be advantageous to employ a tow tem- 
perature method of cleaning an IC substrate to selec- 
tively remove only copper, so that copper oxides are not 
given an opportunity to develop. 
[0016] It would be advantageous if selective copper 
cleaning process used a room temperature liquid etch- 
ant, and other easy to use IC materials, for the removal 
of copper. In this manner, the IC would not have to be 
removed from the chamber for cleaning and exposure 
to an oxygen atmosphere during the cleaning process. 
[0017] Accordingly, in the fabrication of a semicon- 
ductor wafer having top and bottom surfaces, with a top 
surface edge and a side along the top surface edge 
around the perimeter of the wafer surfaces, a low tem- 



perature method for removing copper from the wafer is 
provided. Currently, the wafer has a 6 or 8 inch diameter. 
The thickness of the wafer around the perimeter pro- 
vides a wafer side. This side and the adjoining surface 
s edges require cleaning. The method comprises the 
steps of: 

a) forming a layer of protective coating overlying se- 
lected areas the wafer top surface; and 
10 b) applying a copper etchant solution to remove 
copper from portions of the wafer not covered by 
the protective coating. The wafer is cleaned with an 
etchant diluted enough to sustain a low temperature 
reaction with copper, a reaction that does not pro- 
fs mote copper oxidation. In one aspect of the inven- 
tion, Step b) includes using nitric acid as the copper 
etchant, having a concentration of less than approx- 
imately 30%. 

20 [0018] Typically, the coating deposited in Step a) is 
patterned to cover the wafer top surface where the ICs 
are located. The protective coating is removed from the 
edges of the top surface and sides of the wafer. The pro- 
tective coating selected from the group consisting of 
25 photoresist, photoresist without photo active compound 
(PAC), and spin-on glass (SOG). When Step a) includes 
forming a protective coating with photoresist, it is soft- 
baked at a temperature of 95° C, or less, for a period of 
approximately 60 seconds, whereby the low tempera- 
30 ture process prevents copper contaminants from oxidiz- 
ing. When the circular wafer includes at least one 
straight top surface edge and side, such as the typical 
6 inch wafer, Step a) includes depositing photoresist on 
the wafer top surface, exposing selected areas of the 
35 photoresist to light through a shadow-mask in close 
proximity to the wafer, to chemically alter the exposed 
photoresist. Then, the photoresist is developed and re- 
moved along the straight edge of the top surface. 
[001 9] Following Step b), are the steps of: 

40 

c) cleaning the wafer of copper etchant compounds 
with a de-ionized water rinse; and 

d) etching the protective coating to completely re- 
move protective coating from the wafer, whereby 

45 the wafer, free of copper contaminants, is available 
for further semiconductor processes. 

[0020] Typically, the copper removal process uses a 
spin-etch processor chamber including a spin chuck and 
50 a copper etchant nozzle. Then, the method comprising 
the steps of: 

a) rotating the wafer at a first revolution per minute 
(RPM) rate; 

55 b) locating the nozzle above the top surface edge; 
and 

c) applying a copper etchant to the top surface 
edge, 
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whereby copper is removed from the exposed edges of 
the top surface and wafer sides. 
[0021] In some aspects of the invention, a protective 
coating is not used in the copper etching process. In one 
process, the deposited copper has a first thickness over- s 
lying the edge and a second thickness overlying the cop- 
per interconnect structures toward the center of the disk, 
and Step c) removes the first thickness around the wafer 
edge. Then a step follows Step c), of: 

10 

d) performing a CMP to remove the second thick- 
ness of copper, revealing copper interconnect 
structures, whereby copper is removed without the 
use of a protective coating. In this manner, the dep- 
osition of the second thickness copper is used as *5 
the protective coating for the interconnection struc- 
tures. In another alternate process, water is used 
as the protective coating. Step c 2 ) includes locating 
a water nozzle approximately above the center of 
the wafer. Then, Steps c) and c2) are performed si- 20 
multaneously, whereby the de-ionized water pro- 
tects copper structures on the wafer top surface 
from damage from the copper etchant. Alternately, 
the process cycles between applying copper etch- 
ant and water. 25 

[0022] When a photoresist protective coating is used, 
the method further comprises the steps, preceding Step 

a), of: 

30 

a<\ ) depositing a protective coating, selective to the 
copper etchant used in Step c), on the top surface 
of the wafer; 

a 2 ) rotating the wafer and locating the second noz- 
zle above the edge of the top surface; and 35 
a 3 ) applying a protective coating etchant with the 
second nozzle to remove the protective coating 
along the top surface edge and sides of the wafer. 

[0023] A system for removing copper from a semicon- 40 
ductor wafer disk having top and bottom surfaces, with 
top surface edges and sides along the top surface edge 
around the perimeter of the wafer surfaces is also pro- 
vided. The system comprises an enclosed chamber, a 
spin-chuck to rotate the mounted wafer, and a first so- 45 
lution application nozzle having at least one position ap- 
proximately above the wafer perimeter edge to spray 
copper etchant, to remove copper from the sides and 
perimeter edge of the wafer. Some aspects of the inven- 
tion further comprise a de-ionized water application noz- so 



zle having at least one position approximately above the 
center of the wafer, whereby the water is used to remove 
etchants and etchant compounds from the wafer 
[0024] Another nozzle, having at least one position 
approximately above the wafer edge perimeter, is used 
to spray a protective coating etchant upon the edge of 
the wafer top surface along the perimeter, whereby pro- 
tective coating, masking copper interconnection struc- 



tures on the wafer top surface, is removed on the edgev 
of the top surface and the wafer sides before copper 
etchant is applied. The protective coating etchant nozzle 
is moveable in a plurality of positions between the wafer 
center and wafer perimeter, when the wafer is mounted 
on said chuck. This nozzle is moved between the wafer 
center and wafer perimeter to completely remove any 
protective coating remaining on the wafer after said first 
nozzle is used to remove copper from the wafer. 

Brief Description of the Drawings 

[0025] Fig. 1a is a top plan view of a semiconductor 
wafer. 

[0026] Fig. 1 b is a bottom plan view of a semiconduc- 
tor wafer. 

[0027] Fig. 2 is a side plan view of the wafer, more 
completely illustrating the wafer sides. 
[0028] Fig. 3 is a partial cross-sectional view of the 
wafer illustrated in Fig. 2. 

[0029] Fig. 4 illustrates the wafer of Fig. 3 with a pro- 
tective coating covering overlying the top surface. 
[0030] Fig. 5 is the partial cross-section view of the 
wafer of Fig. 4, after copper has been removed. 
[0031] Figs. 6 and 7 illustrate the use of an edge bead 
removal (EBR) tool, to remove copper in accordance 
with the present invention. 

[0032] Figs. 8a-8c illustrate the method of the present 
invention for removing copper from the edges of a 6 inch 
commercial wafer disk. 

[0033] Figs. 9-11 illustrate steps in the method of 
forming a completed semiconductor disk with copper re- 
moved from the sides and edges in accordance with the 
present invention. 

[0034] Fig. 12 illustrates a system for removing cop- 
per from a semiconductor wafer disk. 
[0035] Fig. 13 is a flow chart illustrating, in the fabri- 
cation of a semiconductor wafer, steps in a low temper- 
ature method for removing copper from a semiconduc- 
tor wafer. 

[0036] Fig. 14 is a flow chart illustrating, in the fabri- 
cation of a semiconductor wafer disk, steps in another 
low temperature method for removing copper from a wa- 
fer disk. 

[0037] Fig. 15 is a flow chart illustrating steps in a 
CMP method for removing copper from the sides and 
edge of a wafer disk without the requirement of a pro- 
tective coating. 

[0038] Fig. 1 6 is a flow chart illustrating steps in a de- 
ionized water spray method for removing copper from 
the sides and edge of a wafer disk without the require- 
ment of a protective coating. 

Detailed Description of the Preferred Embodiment 
55 

[0039] Fig. 1a is a top plan view of a semiconductor 
wafer 10. Wafer 10 has a top surface 12. Fig. 1b is a 
bottom plan view of semiconductor wafer 10. Wafer 10 
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has a bottom surface 14. Returning again to Fig. 1a, it 
can be seen that water 10 has a top surface edge 16 
and sides 18 along top surface edge 16 around the pe- 
rimeter of wafer surfaces 12 and 14. Fig. 2 is a side plane 
view of the wafer, more completely illustrating the wafer 
sides. 

[0040] Fig. 3 is a partial cross -sectional view of wafer 
10 presented in Fig. 2. Wafer 10 comprises at least one 
level of silicon. An area of field oxide 20, a doped silicon 
well 22, and doped active areas 24, 26, and 28 are 
shown. In some aspects of the invention, active silicon 
area 24 is a source, active silicon area 26 is a drain, and 
active silicon area 28 is a gate electrode. A dielectric 
interlevel 30 overlies the silicon level including areas 20, 
22, 24, 26, and 28. Typically, wafer 10 comprises hun- 
dreds of ICs, with each IC including thousands, or even 
millions of transistors. It is also typical that wafer 10 in- 
clude many levels of metallization separated by inter- 
level dielectric. 

[0041] At least one deposition of copper 32, including 
structures 34 interconnecting said active silicon areas 
24, 26, and 28 through contact holes 36, 38, and 40 in 
interlevel dielectric 30, is included. Specifically, struc- 
tures 34 are interconnection vias in contact holes 36, 
38, and 40. Vias 34 are used to electrically interface dif- 
ferent active levels in the IC. Other copper interconnec- 
tion structures 34 such as lines and dual damascene 
vias (not shown) are also viable. All above-named struc- 
tures 34 connect active areas 24, 26, and 28 to other 
areas of wafer 10 (not shown). 
[0042] Fig. 4 illustrates wafer 10 of Fig. 3 with a pro- 
tective coating 42 covering overlying top surface 1 2. 
Copper 32 is removed from top surface edges 16 and 
sides 18 through a process of applying a layer of pro- 
tective coating 42 overlying selected areas of wafer top 
surface 12, and applying a copper etchant solution, rep- 
resented by arrows 44, to remove copper 32 from por- 
tions of the wafer not covered by protective coating 42. 
Protective coating 42 is selected from the group consist- 
ing of photoresist, photoresist without photo active com- 
pound (PAC), and spin-on glass (SOG). 
[0043] Fig. 5 is the partial cross-section view of wafer 
1 0 of Fig. 4, after copper 32 has been removed from the 
selected areas, edge 16 and side 18. In addition, pro- 
tective coating 42 has been stripped away following the 
etching of copper 32. When copper etchant 44 is a so- 
lution of nitric acid, having a concentration of less than 
approximately 30%, copper 32 is removed at low tem- 
peratures to minimize copper oxidation. 
[0044] Figs. 6 and 7 illustrate the use of an edge bead 
removal (EBR) tool 50, to remove copper 32 in accord- 
ance with the present invention. Fig. 6 is a side view of 
a wafer 10 mounted on an edge bead removal (EBR) 
tool 50. Typically, protective coating 42 is photoresist 
and the process of removing copper 32 includes pat- 
terning photoresist 42 to remove photoresist 42 from top 
surface edges 16 and sides 18. Specifically, wafer 10 is 
a disk, and EBR tool 50 includes a spin-chuck 52 and 



at least one photoresist etchant application nozzle 54. 
Wafer disk 1 0 is rotated and photoresist etchant, repre- 
sented by arrow 56 is applied to top surface 1 2 within 8 
mm of side 18. Photoresist 42 is patterned to expose 
5 wafer sides 1 8 and top surface edge 1 6. Photoresist sol- 
vents such as acetone are used an etchant in some as- 
pects of the invention. Other etchant choices are de- 
pendent on the specific type protective coating, and 
manufacturer. 

10 [0045] Fig. 7 is a side view of wafer 10 in Fig. 6, after 
photoresist etchant 56 has been applied. The rotational 
motion of wafer 10 prevents etchant 56 from moving into 
the interior area of top surface 12. Instead, photoresist 
etchant 56 moves to the outside of wafer disk 10 where 
'5 photoresist 42 has been removed from edge 16. After 
copper 32 is exposed on sides 18 and edge 16, copper 
etchant is applied, as shown in Figs. 4 and 5, and de- 
scribed above. In some aspects of the invention, etchant 
56 is applied to bottom surface 14 with a nozzle (not 
shown) located under wafer 1 0. 
[0046] Alternately, wafer 10 has a non-disk shape, 
and photoresist 42 is formed and patterned using a light 
exposure process that is well known in the art. In this 
manner, photoresist 42 is selectively formed on wafer 
10 regardless of the shape of wafer 10, or the method 
of photoresist deposition. Figs. 8a-8c illustrate the meth- 
od of the present invention for removing copper from the 
edges of a 6 inch commercial wafer disk. Fig. 8a is a top 
plan view of a 6 inch commercial wafer disk 1 0. Although 
6 inch wafer 10 is called a disk, it has a straight flat side 
60 and a straight top surface edge 62 for the purpose of 
location and transportation. 

[0047] Fig. 8b illustrates wafer disk 10 of Fig. 8a with 
a photoresist shadow mask 43 in close proximity to wa- 
fer top surface 12. The shape of photoresist mask 43 
exposes selected areas of photoresist 42 along edge 
16, and along edge 62, which is located on top surface 
12 adjacent straight side 60. The selected portions of 
photoresist 42 are exposed to light, chemically altering 
exposed portions of photoresist 42. Then mask 43 is re- 
moved, and photoresist developer is applied to remove 
the portions of resist 42 exposed to light by mask 43. 
Alternately, when negative photoresist is used, mask 43 
covers edges 16 and 62 (not shown), and covered edg- 
es 16 and 62 are developed away. In this manner, pho- 
toresist 42 overlying areas 16 and 62 is removed before 
the copper etch step. 

[0048] Fig. 8c illustrates edges 16 and 62 cleared of 
photoresist 42 (and mask 43) in preparation of the cop- 
per etching step. Regardless of the process of forming 
photoresist 42, the process of applying photoresist in- 
cludes baking the photoresist at a temperature of 95° 
C, or less, for a period of time less than approximately 
60 seconds, whereby the low temperature process pre- 
vents said copper from oxidizing. 
[0049] Figs. 9-11 illustrate steps in the method of 
forming a completed semiconductor disk 1 0 with copper 
32 removed from sides 18 and edges 16 in accordance 
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with the present invention. Fig. 9 is a more abstract view 
of wafer 10 in Fig. 3. Not shown are silicon level 20, 
doped active areas 24, 26, and 28, and interlevel die- 
lectric 30 overlying silicon level 20, see Fig. 3. The proc- 
ess described below illustrates a method of removing 
copper without the use of photoresist. Typically, it is a 
process goal to deposit a uniformly thick layer of copper 
32 across top surface 12. However the first thickness 
70 of copper 32 overlying edge 16 is generally different 
than the second thickness 72 of copper 32 overlying 
copper interconnect structures 34. At the same time, 
copper 32 is also deposited in vias in other spaces to 
form copper structures 34. Copper 32 is removed from 
top surface edges 16 and sides 18 through a process of 
applying copper etchant solution 44 to remove first thick- 
ness 70 of copper 32 overlying edge 16 and sides 18. 
[0050] Fig. 10 depicts wafer 10 of Fig. 9 after the ap- 
plication of copper etchant 44. Etchant 44 has removed 
first thickness 70 of copper 32 overlying top surface 
sides 18 and edges 16. Fig. 11 illustrates wafer 10 of 
Fig. 1 0, and depicts the results of a chemical mechanical 
polishing (CMP) process which follows the use of etch- 
ant 44. The CMP of top surface 12 removes second 
thickness 72 of copper 32 overlying copper interconnect 
structures 34. Interconnection structures 34 are then re- 
vealed. Copper 32 is removed in a low temperature, 
non -oxidizing process without the use of a copper etch- 
ant mask 

[0051] Fig. 12 illustrates a system 80 for removing 
copper from semiconductor wafer disk 10. As above, 
wafer disk 10 has top 12 and bottom 14 surfaces, with 
top surface edges 16andsides 18alongthetop surface 
edge 16 around the perimeter of wafer surfaces 12 and 
14, see Figs. 1a, 1b, and 2. System 80 comprises an 
enclosed chamber 82. Inside chamber 82 is a spin- 
chuck 84 having a programmable speed of 0 to 7000 
revolutions per minute, to rotate mounted wafer 10. A 
first solution application nozzle 86 having at least one 
position approximately above wafer edge 16 to spray 
copper etchant 44, removes copper 32 from the sides 
18 and perimeter edge 16 of wafer 10, whereby copper 
32 is removed without oxidization. These most basis 
components of system 80 are substantially the same as 
EBR system 50, described in Figs. 6 and 7. At approx- 
imately the same process step as applying copper etch- 
ant 44 to top surface 1 2, wafer bottom surface 1 4 is typ- 
ically cleaned of copper with a copper etchant or ace- 
tone dispensed by a nozzle (not shown). In some as- 
pects of the invention copper etchant and photoresist 
etchant nozzles are located under wafer 1 0 (not shown). 
[0052] System 80 further comprises a third applica- 
tion nozzle 88 having at least one position approximate- 
ly above the center of the wafer 10 to spray de-ionized 
water 90 on wafer 10 to remove etchants and etchant 
compounds from wafer 10 after copper 32 is removed. 
A second nozzle 92, having at least one position approx- 
imately above wafer edge 16, sprays a protective coat- 
ing etchant 94 upon edge 1 6 of the wafer top surface 1 2 



along the perimeter. A protective coating, masking cop- 
per interconnection structures 34 on the wafer top sur- 
face 12, is removed on edge 16 of the top surface 12 
and the wafer sides 18 before copper etchant 44 is ap- 
s plied. In some aspects of the invention, second nozzle 
92 is moveable in a plurality of positions, represented 
by reference designator 96, between the wafer center 
and wafer edge 16, when wafer 10 is mounted on chuck 
84. Second nozzle 92 is moved between the wafer cent- 
10 er and wafer edge 1 6 to completely remove any protec- 
tive coating remaining on wafer 10 after first nozzle 86 
is used to remove copper 32 from wafer 10. 
[0053] System 80 further comprises a first pump 98 
to remove copper etchant compounds, and any other 
*5 solutions, or solution by-products, at a predetermined 
vacuum, from chamber 82. Copper etchant 44 is a so- 
lution of nitric acid, having a concentration of less than 
approximately 30%, to promote a (ow temperature reac- 
tion which minimizes oxidation. 
[0054] The protective coating that is removed by pro- 
tective coating etchant 94 is selected from the group 
consisting of photoresist, photoresist without photo ac- 
tive compound (PAC), and spin-on glass (SOG). Refer- 
ence designator 104 indicates that nozzles 86 and 88 
are also moveable from the center of wafer 1 0, to at least 
side 18, in some aspects of the invention. 
[0055] Fig. 13 is a flow chart illustrating, in the fabri- 
cation of a semiconductor wafer, steps in a low temper- 
ature method for removing copper from a semiconduc- 
tor wafer. Step 1 40 provides a semiconductor wafer has 
top and bottom surfaces, with a top surface edge and a 
side along the top surface edge around the perimeter of 
the wafer surfaces. Step 142 forms a layer of protective 
coating overlying selected areas the wafer top surface. 
Typically, the wafer top surface selective areas includes 
copper interconnected circuits, and Step 142 includes 
depositing the protective coating upon the wafer top sur- 
face, including the non-selected areas, and etching the 
protective coating to remove the protective coating from 
the edges of the top surface and sides of the wafer, but 
not from the top surface copper interconnections. Step 
142 includes a protective coating selected from the 
group consisting of photoresist, photoresist without pho- 
to active compound (PAC), and spin-on glass (SOG). 
Step 144 applies a copper etchant solution to remove 
copper from portions of the wafer not covered by the 
protective coating. Step 144 includes using nitric acid 
as the copper etchant, having a concentration of less 
than approximately 30%, whereby the copper is re- 
moved at low temperatures to minimize oxidation. Step 
146 is a product, a wafer cleaned of copper without ox- 
idizing the copper. 

[0056] In some aspects of the invention, the wafer in- 
cludes at least one straight top surface edge and side, 
as is typical in a commercial 6 inch wafer. Then, Step 
142 includes depositing photoresist on the wafer top 
surface, and exposing selected areas of the photoresist 
along the top surface edge, including the straight edge, 
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to tight through a shadow-mask in close proximity to the 
water, to chemically alter the exposed photoresist. Step 
1 42 includes developing the photoresist to remove pho- 
toresist along the straight edge of the top surface, 
whereby copper is etched from the top surface straight 
edge in subsequent steps of the method. 
[0057] When Step 142 includes forming a protective 
coating with photoresist, a further step, Step 142a (not 
shown), follows Step 1 42, and precedes Step 1 44. Step 
142a soft-bakes the photoresist at a temperature of 95° 
C, or less, for a period of approximately 60 seconds, 
whereby the low temperature process prevents copper 
contaminants from oxidizing. 

[0058] Following Step 144, and preceding Step 146, 
are additional steps. Step 1 44a cleans the wafer of cop- 
per etchant compounds with a de-ionized water rinse. 
Step 144b etches the protective coating to completely 
remove protective coating from the wafer. The wafer, 
free of copper contaminants, is available for further sem- 
iconductor processes. 

[0059] In some aspects of the invention, an additional 
step precedes Step 142. Step 140a (not shown) per- 
forms a chemical mechanical polish (CMP) to remove 
excess copper from the circuit areas of the wafer top 
surface. 

[0060] Fig. 14 is a flow chart illustrating, in the fabri- 
cation of a semiconductor wafer disk, steps in another 
low temperature method for removing copper from a wa- 
fer disk. Step 160 provides a wafer having top and bot- 
tom surfaces, with a top surface edge and a side along 
the top surface edge around the perimeter of the wafer 
surfaces. Step 160 also provides a spin-etch processor 
chamber including a spin chuck and at least a first so- 
lution application nozzle for use. Step 162 rotates the 
wafer at a first revolution per minute (RPM) rate. Step 
164 locates the first nozzle above the top surface edge. 
Step 166 applies a copper etchant with the first nozzle 
to the top surface edge. Step 166 includes using a so- 
lution of nitric acid, having a concentration of less than 
approximately 30%, whereby the copper is removed at 
low temperatures to minimize oxidation. Then, Step 162 
includes the rate of rotation being in the range between 
250 and 1000 RPM. Step 168 is a product, a wafer 
where copper is removed from the exposed edges of 
the top surface and wafer sides. 
[0061] Typically, a protective coating is used in the 
copper removal process. Step 160 provides a second 
solution application nozzle. Then, additional steps pre- 
cede Step 1 62. Step 1 60a deposits a protective coating, 
selective to the copper etchant used in Step 1 66, on the 
top surface of the wafer. Preferably, the protective coat- 
ing is applied in a process step which precedes the 
mounting of the wafer on the spin-etch chamber. Step 
160b rotates the wafer and locates the second nozzle 
above the edge of the top surface. Step 160c applies a 
protective coating etchant with a the second nozzle to 
remove the protective coating along the top surface 
edge and sides of the wafer. 



[0062] Step 1 60a includes a protective coating select- 
ed from the group consisting of photoresist, photoresist 
without photo active compound (PAC), and spin-on 
glass (SOG). When Step 160a includes using photore- 

5 sist as a protective coating, Step 1 60b includes rotating 
the wafer at a rate of approximately 1 000 RPM, and Step 
1 60c) includes applying the etchant to the rotating wafer 
for a period of approximately 9 seconds. 
[0063] In some aspects of the invention, Step 160a 

10 includes using photoresist as the protective coating, and 
also includes baking the wafer at a temperature of 95° 
C, or less, for a period of 60 seconds, or less to cure the 
photoresist. 

[0064] In some aspects of the invention, Step 160 pro- 
fs vides for a moveable second nozzle. Then, a further 
step, following Step 1 66, is included in the method. Step 
166b moves the second nozzle from the center of the 
wafer to the top surface edge, applying photoresist etch- 
ant to the entire top surface, to completely removing the 
20 photoresist, whereby the wafer is cleaned of copper with 
low temperature processes. 

[0065] Some aspects of the invention include a step 
following Step 1 66, and preceding Step 1 66b. Step 1 66c 
allows the rotating wafer to come to rest for a period of 

25 approximately 15 seconds while still covered with the 
copper etchant solution, whereby the use of copper 
etchant is conserved. In some aspects of the invention, 
the method cycles between Steps 166 and 166c a plu- 
rality of times. This procedure saves copper etchant, 

30 since etchant is more likely to remain atop a stationary 
wafer. 

[0066] In some aspects of the invention, Step 1 60 pro- 
vides a third solution application nozzle, and a further 
step follows Step 1 66c. Step 1 66d rotates the wafer and 

35 applies de-ionized water with the third nozzle to the wa- 
fer top surface, removing copper etchant and copper 
etchant by-products from the wafer. In some aspects of 
the invention, the method cycles between Steps 166, 
166c, and 166d a plurality of times. In some aspects of 

40 the invention, ail three nozzles are moveable from the 
wafer center to at least the wafer edge. 
[0067] Fig. 15 is a flow chart illustrating steps in a 
CMP method for removing copper from the sides and 
edge of a wafer disk without the requirement of a pro- 

45 tective coating. This method is essentially the same as 
Steps 160, 162, 164, 166, and 168 of Fig. 14, and the 
steps are not repeated here in the interest of brevity. 
Step 160 provides a layer of copper having a first thick- 
ness overlying the wafer top surface edge and sides, 

50 and a second thickness of copper overlying the copper 
interconnect structures toward the center of the wafer, 
as shown in Figs. 9 through 11. Step 166 includes re- 
moving the first thickness of copper overlying the top 
surface sides and edges. A Step 166a, following Step 

55 166, performs a CMP to remove the second thickness 
of copper overlying the interconnect structures, reveal- 
ing the copper interconnection structures. 
[0068] Fig. 1 6 is a flow chart illustrating steps in a de- 
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ionized water spray method for removing copper from 
the sides and edge of a wafer disk without the require- 
ment of a protective coating. Steps 160, 162, 164, 166, 
and 168 are substantially the same as Figs. 14 and 15, 
described above. An additional step, Step 170, follows 
Step 164. Step 170 rotates the wafer, locates the third 
nozzle at approximately the center of the wafer, and ap- 
plies de-ionized water with the third nozzle to the wafer 
top surface, removing copper etchant and copper etch- 
ant by-products from the wafer. Step 170 is performed 
simultaneously with Step 166, whereby the de-ionized 
water protects copper structures on the wafer top sur- 
face from damage from the copper etchant. 
[0069] A low cost and simple system and method of 
removing copper the sides and edges of a standard 
commercial semiconductor wafer have been presented, 
above. The processes are carried out with conventional 
fabrication materials, and conventional process equip- 
ment is readily adaptable. Another advantage of the 
process is that the copper is removed at low tempera- 
tures. The low temperatures help insure that neither the 
copper to be removed, or the copper that remains is ox- 
idized. Oxidized copper is difficult to remove, it also 
presents copper interface problems with regard to con- 
ductivity and adhesion. Finally, high temperature proc- 
ess are more likely to cause the migration of copper par- 
ticles into sensitive silicon active areas of the IC. The 
above-mentioned processes have been directed to the 
removal of copper from the top surface of a wafer. How- 
ever, the processes are also applicable to the wafer bot- 
tom surface, or both surfaces. Other variations of the 
present invention will occur to those skilled in the art. 



Claims 

1. In the fabrication of a semiconductor wafer having 
top and bottom surfaces, with a top surface edge 
and a side along the top surface edge around the 
perimeter of the wafer surfaces, a low temperature 
method for removing copper from the wafer, the 
method comprising the steps of: 

a) forming a layer of protective coating overly- 
ing selected areas the wafer top surface; and 

b) applying a copper etchant solution to remove 
copper from portions of the wafer not covered 
by the protective coating, whereby the wafer is 
cleaned of copper without oxidizing the copper. 

2. A method as in claim 1 wherein the wafer top sur- 
face selective areas includes copper interconnect- 
ed circuits, and in which Step a) includes depositing 
the protective coating upon the wafer top surface, 
including the non-selected areas, and etching the 
protective coating to remove the protective coating 
from the edges of the top surface and sides of the 
wafer, but not from the top surface copper intercon- 



nections. 

3. A method as in claim 1 in which Step a) includes a 
protective coating selected from the group consist- 

s ing of photoresist, photoresist without photo active 
compound (PAC), and spin-on glass (SOG). 

4. A method as in claim 3 wherein the wafer includes 
at least one straight top surface edge and side, in 

to which Step a) includes depositing photoresist on 
the wafer top surface, exposing selected areas of 
the photoresist along the straight top surface edge 
to light through a shadow-mask in close proximity 
to the wafer, to chemically alter the exposed pho- 

1$ toresist, and in which Step a) includes developing 
the photoresist to remove photoresist along the 
straight edge of the top surface, whereby copper is 
etched from the top surface straight edge in subse- 
quent steps of the method. 

20 

5. A method as in claim 3 in which Step a) includes 
forming a protective coating with photoresist, and 
further comprising the step, following Step a), and 
preceding Step b), of: 

25 a,) soft-baking the photoresist at a tempera- 

ture of 95° C, or less, for a period of approximately 
60 seconds, whereby the low temperature process 
prevents copper contaminants from oxidizing. 

30 6. A method as in claim 1 comprising the steps, follow- 
ing Step b), of: 

c) cleaning the wafer of copper etchant com- 
pounds with a de-ionized water rinse; and 
35 . d) etching the protective coating to completely 

remove protective coating from the wafer, 
whereby the wafer, free of copper contami- 
nants, is available for further semiconductor 
processes. 

40 

7. A method as in claim 1 comprising the following 
step, before Step a), of: 

a 2 ) performing a chemical mechanical polish 
(CMP) to remove excess copper from the circuit ar- 
45 eas of the wafer top surface. 

8. A method as in claim 1 in which Step b) includes 
using nitric acid as the copper etchant; having a 
concentration of less than approximately 30%, 

50 whereby the copper is removed at low temperatures 
to minimize oxidation. 

9. In the fabrication of a semiconductor wafer disk hav- 
ing top and bottom surfaces, with a top surface edge 

55 and a side along the top surface edge around the 
perimeter of the wafer surfaces, a low temperature 
method for removing copper from the wafer using 
an spin-etch processor chamber including a spin 
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chuck and at least a first solution application nozzle, 
the method comprising the steps of: 

a) rotating the wafer at a first revolution per 
minute (RPM) rate; 

b) locating the first nozzle above the top surface 
edge; and 

c) applying a copper etchant with the first noz- 
zle to the top surface edge, whereby copper is 
removed from the exposed edges of the top 
surface and wafer sides. 

10. A method as in claim 9 further wherein a layer of 
copper having a first thickness overlies the wafer 
top surface edge and a second thickness overlies 
copper interconnect structures, in which Step c) in- 
cludes removing the first thickness of copper over- 
lying the top surface edge and sides, and further 
comprising a step, following Step c), of : 

d) performing a CMP to remove the second 
thickness of copper overlying the interconnect 
structures, revealing the copper interconnect struc- 
tures, whereby copper is removed without the use 
of a protective coating. 

11. A method as in claim 9 wherein a second solution 
application nozzle is provided, and further compris- 
es the steps, preceding Step a) t of: 

a.,) depositing a protective coating, selective to 
the copper etchant used in Step c), on the top 
surface of the wafer; 

a 2 ) rotating the wafer and locating the second 
nozzle above the edge of the top surface; and 
a 3 ) applying a protective coating etchant with, 
the second nozzle to remove the protective 
coating along the top surface edge and sides 
of the wafer. 

12. A method as in claim 11 in which Step a^ includes 
a protective coating selected from the group con- 
sisting of photoresist, photoresist without photo ac- 
tive compound (PAC), and spin-on glass (SOG). 

13. A method as in claim 12 in which Step a^ includes 
using photoresist and the protective coating, and in 
which the wafer is baked at a temperature of 95° C, 
or less, for a period of 60 seconds, or less. 

14. A method as in claim 1 3 wherein the second nozzle 
is moveable, and including the further step, follow- 
ing Step c), of: 

e) moving the second nozzle from the center 
of the wafer to the top surface edge, applying pho- 
toresist etchant to the entire top surface, to com- 
pletely removing the photoresist, whereby the wafer 
is cleaned of copper with low temperature process- 
es. 



15. A method as in claim 9 in which Step c) includes 
using a solution of nitric acid, having a concentra- 
tion of less than approximately 30%, whereby the 
copper is removed at low temperatures to minimize 

5 oxidation. 

16. A method as in claim 15 in which Step c) includes 
the rate of rotation being in the range between 250 
and 1000 RPM. 

10 

17. A method as in claim 16 including a further step, 
following Step c), and preceding Step e), of: 

a,) allowing the rotating wafer to come to rest 
for a period of approximately 15 seconds while still 
is covered with the copper etchant solution, whereby 
the use of copper etchant is conserved. 

1 8. A method as in claim 1 7 in which the method cycles 
between Steps c) and c n ) a plurality of times. 

20 

1 9. A method as in claim 1 8 wherein a third solution ap- 
plication nozzle is provided, and further comprising 
a step, following Step c^, of: 

25 c 2 ) rotating the wafer and applying de-ionized 

water with the third nozzle to the wafer top sur- 
face, removing copper etchant and copper 
etchant by-products from the wafer; and 
in which the method cycles between Steps c), 

30 ), and c 2 ) a plurality of times. 

20. A method as in claim 9 wherein a third solution ap- 
plication nozzle is provided, and further comprising 
a step, following Step b), of: 

35 

c 3 ) rotating the wafer, locating the third nozzle 
at approximately the center of the wafer, and 
applying de-ionized water with the third nozzle 
to the wafer top surface, removing copper etch- 
40 ant and copper etchant by-products from the 

wafer; 

and in which Steps c) and c 3 ) are performed 
simultaneously, whereby the de-ionized water 
protects copper structures on the wafer top sur- 
45 face from damage from the copper etchant. 

21. A semiconductor wafer having top and bottom sur- 
faces, with a top surface edge and sides along said 
top surface edge around the perimeter of said wafer 

50 surfaces, the wafer comprising at least one level of 
silicon, including doped active areas, at least one 
interlevel dielectric overlying said silicon level, and 
at least one deposition of copper including struc- 
tures interconnecting said active silicon areas 

55 through contact holes in said interlevel dielectric, 
with copper being removed from said top surface 
edges and sides through a process of applying a 
layer of protective coating overlying selected areas 
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of said, wafer top surface, and applying a copper 
etchant solution to remove said copper from por- 
tions of the wafer not covered by protective coating, 
whereby said copper is removed in a low tempera- 
ture, non-oxidizing process. s 

22. A wafer as in claim 21 protective coating selected 
from the group consisting of photoresist, photore- 
sist without photo active compound (PAC), and 
spin-on glass (SOG). 1Q 

23. A wafer as in claim 22 in the protective coating is 
photoresist and in which the process of removing 
said copper includes patterning the photoresist to 
remove photoresist from said top surface edges 1$ 
and sides. 

24. A wafer as in claim 23 wherein the wafer is a disk 
and an edge bead removal (EBR) tool, with a spin- 
chuck and at least one photoresist etchant applica- 20 
tion nozzle, is provided to rotate the wafer disk and 
apply photoresist etchant on said top surface within 

8 mm of said side, whereby the photoresist is pat- 
terned to expose said wafer sides and top surface 
edge. 25 

25. A wafer as in claim 24 wherein the wafer includes 
at least one straight top surface edge and side, and 
the process of patterning photoresist includes ex- 
posing the photoresist to light through a shadow 30 
mask in close proximity to the wafer top surface, 
chemically altering exposed portions of the photore- 
sist, before the photoresist developer is applied. 

26. A wafer as in claim 23 in which the process of ap- 35 
plying photoresist includes baking the photoresist 

at a temperature of 95° C, or less, for a period of 
time less than approximately 60 seconds, whereby 
the low temperature process prevents said copper 
from oxidizing. 40 

27. A wafer as in claim 21 in which the copper etchant 
is a solution of nitric acid,, having a concentration 
of less than approximately 30%, whereby said cop- 
per contaminants are removed at low temperatures 45 
to minimize oxidation. 

28. A semiconductor wafer having top and bottom sur- 
faces, with a top surface edge and sides along said 
top surface edge around the perimeter of said wafer 
surfaces, the wafer comprising at least one level of 
silicon, including doped active areas, at least one 
interlevel dielectric overlying said silicon level, and 
at least one deposition of copper having a first thick- 
ness overlying the top surface edge and a second 55 
thickness overlying copper interconnect structures, 
with copper being removed from said top surface 
edges and sides through a process of applying a 



copper etchant solution to remove said first thickr v 
ness of copper overlying said top surface sides and 
edges, followed by a chemical mechanical polishing 
(CMP) to remove said second thickness of copper 
overlying said interconnect structures, revealing 
said copper interconnection structures, whereby 
said copper is removed in a low temperature, non- 
oxidizing process without the use of a copper etch- 
ant mask. 

29. A system for removing copper from a semiconduc- 
tor wafer disk having top and bottom surfaces, with 
top surface edges and sides along the top surface 
edge around the perimeter of the wafer surfaces, 
the system comprising: 

an enclosed chamber; 
a spin-chuck to rotate the mounted wafer; 
a first solution application nozzle having at least 
one position approximately above the wafer 
edge to spray copper etchant, to remove cop- 
per from the sides and perimeter edge of the 
wafer, whereby copper is removed without ox- 
idization. 

30. A system as in claim 29 further comprising: 

a third solution application nozzle having at 
least one position approximately above the center 
of the wafer to spray de-ionized water on the wafer, 
whereby the water is used to remove etchants and 
etchant compounds from the wafer. 

31. A system as in claim 29 further comprising: 

a second nozzle having at least one position 
approximately above the wafer perimeter to spray 
a protective coating etchant upon the edge of the 
wafer top surface along the perimeter, whereby pro- 
tective coating, masking copper interconnection 
structures on the wafer top surface, is removed on 
the edge of the top surface and the wafer sides be- 
fore copper etchant is applied. 

32. A system as in claim 31 in which said second nozzle 
is moveable in a plurality of positions between the 
wafer center and wafer edge, when the wafer is 
mounted on said chuck, and in which said second 
nozzle is moved between the wafer center and wa- 
fer edge to completely remove any protective coat- 
ing remaining on the wafer after said first nozzle is 
used to remove copper from the wafer. 

33. A system as in claim 31 further comprising: 

a first pump to remove solutions, at a prede- 
termined vacuum, from said chamber. 

34. A system as in claim 31 wherein the protective coat- 
ing removed by the protective coating etchant is se- 
lected from the group consisting of photoresist, pho- 



10 



19 EP 0 924 754 A2 

toresist without photo active compound (PAC), and 
spin-on glass (SOG). 

35. A system as in claim 29 in which the copper etchant 

is a solution of nitric acid, having a concentration ot s 
less than approximately 30%, whereby the copper 
is removed at low temperatures to minimize oxida- 
tion. 

36. A method of manufacturing a semiconductor wafer 10 
comprising applying a copper etchant solution to re- 
move copper from portions of the wafer. 

37. A method as claimed in claim 36 comprising forming 

a protective coating over selected regions of the wa- is 
fer and applying the etchant to remove copper from 
exposed portions of the wafer. 

38. A method as claimed in claim 37 comprising rotating 

the wafer and applying copper etchant solution to 20 
an outer region of the wafer. 

39. A system for manufacturing a semiconductor wafer 
by a method according to any one of claims 1 to 20 

or 36 to 38. 2s 
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